Aim To establish possible interpopulation relationships among Colombian Artemia franciscana (Crustacea, Anostraca) populations.
INT RODUCTION
Artemia (Crustacea, Anostraca) is found abundantly in athalassohaline and thalassoahaline environments at salinity levels between 80 and 220 g L )1 (depending on the strain and/or species). Further, it is broadly accepted that Artemia cannot survive for more than 1 or 2 days in the extreme salinity of 340 g L )1
; Post & Youssef (1977) stated that Artemia can migrate with water flowing from areas with considerably lower salinity. Brine shrimp is favoured by the absence of predators and food competitors and develops successfully from nauplii to adult in these extreme biotopes, frequently at very high densities; as a result, only a minute number of halobacteria and microalgae species can survive (Sorgeloos, 1980) and serve as a food source to this very efficient non-selective filter feeder.
Ecological and physiological differences have been previously reported among the several populations of A. franciscana (Sorgeloos et al., 1975; Abreu-Grobois & Beardmore, 1982; Bowen et al., 1985) . These differences have an important impact over Artemia population distribution, as well as on the biomass and cyst production by influencing the reproductive strategies. Further, Abreu-Grobois & Beardmore (1982) studying electrophoretic patterns of sixteen different systems of isozymes described the Caribbean populations group (Pekelmeer-Bonaire, Punta Araya-Venezuela and Manaure-Colombia) as being increasingly differentiated from the rest of the American populations. Gilchrist (1960) showed that Artemia body form is influenced by a series of intrinsic factors when cultured under standard conditions. Moreover, this influence varies according to gender, size and population origin, and each locality has its own pattern when populations are cultured under the same conditions. Further, the effect of high salinity has been shown to decrease the length of some morphometric characters in A. franciscana and some Old World species (Amat, 1980a; Triantaphyllidis et al., 1996) . Amat (1980a) also revealed that the increase in salinity reduced the furca length and the number of setae in the furca. Additionally, high salinities also favoured sexual maturity; the bisexual Artemia reached maturity when the ovisac length was smaller to that of parthenogenetic Artemia. Hontoria & Amat (1992a,b) were the first in introducing and applying discriminant multi-variate procedures to study populations of Artemia in Spain, Italy and the American continent. In the American population work they classified twenty-five populations into four groups (Argentina, Pacific coast, Caribbean coast and inland North America) and determined that the populations from Caribbean coast group are more related among themselves, with a few exceptions, as compared with other American populations studied with the exception of three populations. The latter exceptions are: (1) Yucatan (Mexico) similar to San Francisco Bay (USA, thalassohaline), (2) Manaure (Colombia) similar to GSL (USA, athalassohaline) and (3) Bahía Salinas (Puerto Rico) dissimilar to all the others. Their results demonstrated that this technique could discriminate Artemia species and group populations that are geographically near and share similar environments (ionic composition). The studies of the same authors without any doubt offered a new perspective in the morphometry of Artemia. However, these studies were performed exclusively on female characters in bisexual populations. Later, Pilla (1992) studied bisexual populations of the Eastern region of the Old World and evaluated characters of females and males; they concluded: Ôthe global discrimination based on male characters was better than that of the females, confirming the importance of the male characteristics in this type of analysisÕ.
Aim
The main objective of this study was to determine differences among several Artemia populations collected from different locations along the Colombian Caribbean coast (Manaure, Galerazamba, Salina Cero and Chengue) (Camargo et al., 2000 Camargo et al., in review) and a similar thalassohaline reference population from San Francisco Bay (USA) using male and female morphometric measurements.
MA TERI AL S A ND METH ODS
Artemia franciscana cyst samples were collected directly from four thalassohaline locations (Fig. 1 ) in the Colombian Caribbean coast (Manaure, Galerazamba, Salina Cero and Tayrona) and one from San Francisco Bay, USA (ARC 1258). Cysts were hatched under controlled conditions in artificial sea water (Instant Ocean Ò , Aquarium Systems, Mentor, Ohio, USA) at 35 g L )1 salinity at 25°C, pH 8.3 and fed ad libidum a mixture of suspended Nannochloropsis sp., Tetraselmis sp. and Isochrysis sp. tahitian (Phytoplex Ò , Kent Marine Inc., Acworth, Georgia, USA), and constant bottom aeration and illumination (Sorgeloos, 1985) . Nauplii were cultured according to Hontoria & Amat (1992a) until approximately half of the population reached sexual maturity (except our populations were harvested at 11 or 14 days). Random samples of twenty males and twenty females were taken from each population and anaesthetized with a drop of chloroform-saturated sea-water (Gilchrist, 1960) . Variable Artemia morphometric characters (total length, abdominal length, furca length, ovisac width, abdominal width, head width, antenna length, eye diameter, eye separation, right setae and left setae) were measured under a previously calibrated light stereoscope according to Hontoria & Amat (1992a) . The measurements were made on females as well as on males.
Forward stepwise discriminant analysis using the statistical software SPSS (Ver. 10; SPSS Inc., Cary, NC, USA) was used (Hontoria & Amat, 1992a, b) to assign group membership among male and female Artemia individuals by the type of population to which they belong (North America and Caribbean coast). Type classifications were based on populations grouped according to previous differentiations made by morphometric analyses (Hontoria & Amat, 1992b) , electrophoretic work (Abreu-Grobois & Beardmore, 1982) and random amplification of polymorphic DNA (RAPD) techniques . Individuals were also classified by their specific geographical origin (Salina Cero, Galerazamba, Tayrona, Manaure and San Francisco Bay). The a level for all discriminant analyses was set at 0.05 to enter and 0.10 to remove. Discriminant analysis is sensitive to outliers and heterogeneous variances (Tabachnick & Fidell, 1989) .
According to Amat (1980a) , bisexual Artemia reaches sexual maturity when the ovisac length is smaller to that of parthenogenetic Artemia. Furthermore, Vanhaecke and Sorgeloos (1980) provided evidence that growth rate is strain dependent (i.e. Manaure and Galerazamba Colombian strains present high growth rate). The data were normalized by dividing all variables by the total length to compensate for the short maturation period of the Tayrona population of 11 days, thus providing normal distributions among all morphological characters within each population. The latter transformation also makes better biological sense than other types of transformation (e.g. natural log and square root) because Amat (1980b) showed that certain characters such as the length of the first pair of antennas, abdominal length, ovisac width, abdominal width, head width, furca length and number of setae in the furca positively correlated with the individual total length. Furthermore, the square root transformation of combined setae number (left and right) as recommended by Pilla & Beardmore (1994) was found to be an inappropriate character in our discriminant analyses as it did not contribute any additional discriminant resolution; thus, the separate right and left setae number characters were used in all analyses. Pilla & Beardmore (1994) did not use the abdominal length and body length ratio proposed by Hontoria & Amat (1992a,b) , we used the ratio but with a slight modification of applying actual values and not percentages. The Wilk's Lambda shows that the variability within populations is insignificant compared with the total variability; thus, most of the variability could be attributed to differences between the populations (Hontoria & Amat, 1992a) .
Moreover, we also analysed the data combining both males and females for the individuals grouped by the type of population to which they belong (Gajardo et al., 1998) without the inclusion of ovisac width measurement and body length to abdominal length ratio, just using the previous normalization of the data by dividing all morphometric measurements by total length, with no further enhancement in population discrimination (males 77% and females 83% vs. 71% combining males and females). Similarly, the classification of the combined male and female individuals by geographical origin did not significantly improve the results (males 94% and females 92% vs. 92% combining males and females).
RESULTS
The first eigenvalue accounted for 100% of the variance for both females and males grouped by the type of population (North America and Caribbean coast) to which they belong. In contrast, the two eigenvalues (corresponding to the first two discriminant functions) to discriminate individuals grouped by their origin was 77.2 and 20.8 for females, and 88.8 and 6.6 for males. Thus, for the analysis of the females (Table 2 ) grouped according to the type of population to which they belong, abdominal length and antenna length were used as discriminant variables and for the males they were left setae and antenna length. However, for males (Table 3) grouped by geographical origin the discriminant variables were furca length, left setae, antenna length, distance between compound eyes, abdominal width and abdominal length, and for the females, they were furca length, abdominal length, left setae and eye separation.
The discriminant functions obtained for males and females of individuals grouped by the type of population to which they belong were 94% and 92% (respectively) of original group cases correctly classified. Likewise, the male and female data of the individuals grouped by their geographical origin was 77% and 83% (respectively) of original group cases correctly classified.
DI SCUSSION
Males and female individuals were 100% placed in the proper type of population (North American and Caribbean coast) to which they belong by one discriminant function and is consistent with the findings of Hontoria & Amat (1992b) . However, male morphometric characters separated the type of population groups more clearly than the female characters, because all Colombian populations were correctly positioned in the Caribbean coast group and the SFB population in the North American group, with no overlapping between the two types, as was the case for the female individuals.
Similarly, for Artemia populations classified by their specific geographical origin, male and female individuals again separate the Colombian populations from the North American (SFB) population (Fig. 2) . Moreover, male measured variables correctly assigned the membership to Colombian Caribbean populations according to actual geographical distances. According to the analysis, Salina Cero male population is similar to its neighbouring Galerazamba population, and is also related to the other Colombian populations and is consistent with findings by using RAPDs. In addition, they were able to identify a Pilla & Beardmore (1994) in that male morphometric analyses proved as least as informative as the female characters. It should be noted that the salinity of our adult culture media was less than that of Pilla & Beardmore (1994) 
, respectively). The latter may have somehow altered particularly the female morphology, which is more resistant, than males to environmental changes and requires some physiological (both fast and slow) and even morphological (slow) adaptations in sensu stricto to Gilchrist (1960) .
CONCLUSIONS
In summary, we have provided evidence that male Artemia morphometric characters provide a better classification than females for both type and geographical groups and support the type of population classificatory findings of Hontoria & Amat (1992b) . Moreover, male measured variables correctly assigned the membership to Colombian Caribbean populations according to actual geographical distances. Further, we provide a better transformation of characters (by dividing each character by total length) that makes better biological sense than through standard transformations or multiple transformations commonly employed. The latter is consistent with Pilla & Beardmore (1994) . Future research is needed to address standardization of culture media (e.g. ionic composition and salinity) to consistently control the effects of extrinsic factors on Artemia morphology Amat (1980a) .
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